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The assumption is commonly encountered that in all teleosts the osmotic pres-

sure of the blood is equivalent to about 0.25 molar (M) NaCl and in all elasmo-

branchs to about 0.5 MNaCl (cj., Baldwin, 1949; Davson, 1951; Prosser et al,

1950; Heilbrunn, 1952). The evidence for these values was obtained by the

determination of the bloods' freezing point depression, from which the osmotic

pressure was calculated (Botazzi, 1897; Fredericq, 1901; Garrey, 1905; Rodier,

1899; Schlieper, 1930; Smith, 1932; Krogh, 1939). The number of species ex-

amined in each class was generally small and no special significance was attributed

to the observed variations in blood osmotic pressure between different species.

In addition, few attempts have been made to develop solutions for fish tissues

which were balanced with respect to both ion content and concentration. Those of

Baglioni (1906) and Fry (1909) were based upon the urea analyses of elasmo-

branch blood by Schraeder (1890) ;
that of Lutz (1930) upon the data of Smith

(1929). The Baglioni and Lutz solutions were used in studies on the elasmo-

branch heart, while Fry's was used in a study of blood coagulation. The "Manual
of Formulae and Methods (III)" of the Marine Biological Laboratory, Woods
Hole, lists a few artificial solutions supposedly "physiological" for fish tissues.

Our findings reported below indicate that these solutions are not isotonic for red

cells of the species studied. Apparently no systematic studies have been under-

taken to determine isotonic solutions for fish erythrocytes. Solutions calculated

from ion analyses of body fluids, such as those of Smith (1929) cannot, without

experimental study, be taken as isotonic for red cells.

Wehave found that a solution of NaCl which was isosmotic with a sample of

fish serum, as determined by the depression of the freezing point, was hypertonic
to the red cells of that fish. This general finding led us to investigate other

methods for determining solutions which were isotonic for the red cells of teleost

and elasmobranch bloods.

MATERIALS AND METHODS

Blood was collected from the elasmobranchs by syringe from either the caudal

vessels or the heart. In the teleosts blood was taken from the heart. In the early

work, blood from mackerel and tautog was obtained from the severed branchial

arteries. When a sample of blood from a single fish was less than 10 ml., blood

from several fish of the same species was usually pooled for study. The blood

was defibrinated by gentle stirring with a rubber-tipped glass rod. In a few cases

sodium oxalate was used as an anticoagulent instead of defibrination. The blood

was filtered through gauze to remove small clots and, if not immediately used, was
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stored at 7 C. All measurements were made at about 23 C. with blood that was

less than eight hours old. Blood was collected from all of the fish immediately
after their removal from sea water. In most cases the fish were caught in a fish

weir.

Four separate experimental approaches were used to investigate either cell

volume changes or the osmotic concentration of the serum. These four were :

(1) cryoscopy, (2) hematocrit, (3) hemoglobin concentration and (4) densimetry.

Cryoscopy, the only method which does not measure cell volume, was used to

determine the osmotic concentration of serum and of equivalent NaCl solutions.

This method is only useful in determining isosmotic solutions, not isotonic solutions.

Measurements of cell volume by hematocrit, hemoglobin concentration and

densimetric methods were based on the assumption that cells are at osmotic equi-

librium with their environment, vis., serum. In addition these three methods

depended upon the cells behaving as osmometers (cf. Lucke and McCutcheon,

1932). Confirmatory evidence for this idea is found in our experiment where the

relative volume of fish red cells plotted against the reciprocal of the saline concen-

tration of the suspension medium gave a linear relation. The concentration of

NaCl in which the cells maintained the same volume as in serum was taken as

isotonic.

TABLE I

Freezing point depressions of NaCl solutions

Solution of NaCl
in moles per liter AT/

0.05 -0.197
0.10 -0.372
0.15 -0.576
0.20 -0.771
0.25 -0.943
0.30 -1.133
0.35 -1.328
0.40 -1.449

0.50 -1.816
0.75 -2.690
1.00 -3.692

The freezing point depression (AT/) of serum or whole blood was measured
with the standard Beckman apparatus by the method of Findlay (1941). The

AT/ of a series of NaCl solutions of known molarity was also determined by the

same method. The NaCl used in preparing these solutions was Merck reagent

grade sodium chloride "for biological work" (Williams and Jacobs, 1931). From
these data a calibration curve of AT/ versus known molarities of NaCl was pre-

pared, and isosmotic solution of NaCl interpolated from this curve from the AT/
measurements of fish sera. Table I presents the data from which this curve was
constructed. Our NaCl solutions were unbuffered and well-aerated.

The hematocrit method of Parpart and Ballentine (1943) was used to com-

pare the volume occupied by a known quantity of red cells in a NaCl solution of

known concentration. By the use of this method one was able to determine the

particular NaCl solution in which the cells occupied the same volume as in serum.

Since the loss of hemoglobin from red cells is considered an all-or-none phe-
nomenon (Parpart, 1931), the amount of hemoglobin in a given volume of cells
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can be used as a measure of the quantity, i.e., volume, of red cells present in a

suspension (Parpart and Green, 1951). In practice, red cells in either serum or

NaCl solutions were packed at 15,000 G for 10 minutes. Twenty cmm. of

packed cells were hemolyzed in a given volume of 0.03 MNaCl containing 0.003 M
phosphate buffer at pH 7.4. The concentration of hemoglobin was measured

spectrophotometrically at 540 m/x. NaCl solutions which consistently maintained

red cells at a volume, such that the hemoglobin concentration of packed samples was

equal to the hemoglobin concentration of packed samples of cells in serum, were
considered isotonic with serum.

The densimeter technique of Parpart (1935) was used to record rapid volume

changes in red cells. This technique, which automatically records the amount of

light transmitted through a red cell suspension, is capable of following volume

changes of cells exposed to suspension medium from the first second onwards. By
the use of the densimeter, NaCl solutions were found in which the volume of the

cells was maintained constant and equal to that in serum. Since this instrument

permitted the rapid determination of isotonic NaCl solutions, it was used chiefly

in survey studies of a number of fish bloods.

TABLE II

Molar values of isotonic NaCl solutions

Species of fish
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complete agreement with those obtained by hematocrit and hemoglobin methods.

The most unsatisfactory measurement is that for tautog blood. Wedo not know

why this value is high or, perhaps, why the hematocrit-hemoglobin values are low.

If the hematocrit and hemoglobin values are low, the cells may have decreased

their internal osmotic pressure. This is possible because these methods require a

longer time to determine the isotonicity (between one and two hours) than does the

densimeter method, which makes such measurements within a few minutes.

When dogfish red cells are taken from serum a-nd placed in a NaCl solution

which does not contain urea, urea diffuses from the cells and within nine minutes a

new equilibrium volume is reached. But when the initial volume of dogfish red

cells is obtained by use of the densimeter, by using only the first 10 seconds of

exposure, it is found that a NaCl solution of 0.53 M is "isotonic." This is because

no water exchange is possible now and the only volume change which will be ob-

served will be shrinking as urea diffuses out of the cells. This volume change due

to the outward diffusion of urea was not noticeable under our conditions of

measurement until about 30 seconds after the cells were exposed to the 0.53 M.

NaCl solution. Thus the apparent discrepancy in isotonic volumes for dogfish red

cells between densimeter and hematocrit measurements reflects the loss of urea in

the latter. The urea plays no role in determining the final equilibrium volume of

these cells as was shown by Green and Hoffman (1951 ).

The NaCl-urea solution indicated in Table II contained both urea and NaCl in

0.35 Mconcentrations. Such a mixture is equivalent osmotically to 0.53 MNaCl.

Aqueous dilutions of this NaCl solution expressed as the equivalent moles of NaCl

appear in Table II as isotonic solutions for dogfish red cells. The isotonic value

of 0.47 Mobtained by the hematocrit method is significantly different from that ar-

rived at by other methods. This variance is not understood. The value of using
NaCl-urea solutions is to prevent urea-containing cells from undergoing any volume

change. The results shown in Table II indicate that the NaCl-urea solution, con-

taining 0.35 Mof each of these reagents, is approximately isotonic.

The column headed AT/ in Table II lists the isosmotic values in moles of NaCl of

the sera of these three species of fish. In general these isosmotic values are higher
than the isotonic values obtained by the other methods. In the case of mackerel

serum this difference is statistically significant. The reason for this hypertonicity
of isosmotic solutions may be attributed in part to the difference in the activity of

ions at the freezing point and at room temperature. Of more importance is the re-

sponse of the cell to a solution containing a single species of cation. In such a solu-

tion the cell surface may be modified or the rate of water penetration may be different

from that in plasma. Either of these conditions could account for this hypertonicity.
Table III shows the actual freezing point depressions of the bloods of the fish in

Table II. The percentage of cells of the teleosts was determined in defibrinated

blood obtained from cutting the gills. These are somewhat lower than values found

for blood obtained from heart puncture. The pH values are for aerated blood and

quite similar to the pH of the blood of other vertebrates.

The data in Tables IV and V were obtained using the densimeter method for the

determination of
isotonicity. The accuracy of this method is 0.001 Mof NaCl

and the maximum variation (for blood from the heart or caudal vessels) among fish

of the same species was 0.01 MNaCl.
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TABLE III

Physical data on fish bloods

Kind of
fish
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TABLE V

Molar values of isotonic solutions for elasmobranch red cells

Nameof fish
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4. Four different species of elasmobranchs were found to have isotonic values of

the blood between the limits of 0.33 and 0.35 MNaCl. In addition, other commonly
used artificial media were evaluated with respect to red cell isotonicity.

5. The extreme variability in the salt concentration of teleost blood, as determined

by isotonic studies, emphasizes the need for further study of water regulation in this

group of animals.
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